Bacterial filamentation as a survival strategy : identification and characterisation of a novel cell division inhibitor in Escherichia coli by Ansari, Shirin
: 
Bacterial filamentation as a survival strategy: 
identification and characterisation of a novel 
cell division inhibitor in Escherichia coli 
Shirin Ansari 
A thesis submitted in fulfilment of the requirements for 
the degree of Doctor of Philosophy 
February 2019 
I 
Certificate of Authorship/ Originality 
I, Shirin Ansari declare that this thesis is submitted in fulfilment of the requirements for 
the award of Doctor of Philosophy, in the i3 Institute, Faculty of Science at the University 
of Technology Sydney. This thesis is wholly my own work unless otherwise reference or 
acknowledged. In addition, I certify that all information sources and literature used are 
indicated in the thesis. This document has not been submitted for qualifications at any 
other academic institution. 
This research is supported by an Australian Government Research Training Program 
Scholarship. 
Signature of Student: 
   Date:    20/2/2019 
Production Note:






What a journey! I could not have done this without the help of some wonderful people 
along the way. First and foremost, to my supervisors, Cath Burke and Liz Harry, thank 
you for the opportunity, support and guidance over the years. I have learnt so much from 
you both and you have played a huge part in me becoming the scientist I am today.  
 
To Iain Duggin, I cannot even begin to thank you for all your science wisdom and 
knowledge, all the while expecting nothing in return. This has meant the world to me. 
Thank you for taking the time to listen to my ideas and helping develop them.  
 
I would also like to thank all the Harry Lab members, past and present, especially Isa, 
Ken, Daniel, Nural, Amy and Riti. It has been a pleasure working with such amazing 
people and of course enjoying all the baked goodies for morning tea! I will cherish all our 
great memories of love and laughter. It will be hard to find better lab buddies! A special 
shout-out to Penny and Naomi, your friendship has gotten me through some very difficult 
times, I appreciate it more than you can imagine.  
 
Huge thanks to my parents, Rehmat and Sharaf. You both have loved me unconditionally 
and always encouraged me to pursue my dreams. The person I am today is because of 
you both. Also to Mecki, Nagma, Amaan and Nonu, thanks for being there for me no 
matter what and delivering food to my place so I didn’t have to deal with cooking.  
 
Finally to my loving fiancé, James (Dr. Baby), thank you is not enough for everything 




every time I couldn’t go on. Thank you for your patience and love, especially in the last 
few weeks. I am really looking forward to our post-thesis life and all the adventures I am 
sure that await us.  
 
On a more professional note, I would like to thank and acknowledge Dr. James Walsh’s 
help in writing script in Mathematica that allowed me to automate and generate a lot of 
my bioinformatics analysis. Also thank you for all your maths wisdom. Without this I 







Bacterial cell division is tightly regulated to ensure that division occurs at the correct time 
and position in order to create two viable, genetically identical, daughter cells. In addition 
to correct timing and positioning, the inhibition of division is also important for survival 
in certain conditions. This inhibition of division results in filamentous cells, a process 
where cell growth and DNA replication continues in the absence of division, resulting in 
elongated cells. This is an important survival mechanism utilised by several bacteria in 
response to an environmental stimuli, including during pathogenesis and exposure to 
antibiotics. However, the underlying mechanisms of filamentation and regulators of cell 
division that enable this unique morphology remain largely unknown. A recent high-
throughput over-expression screen in Escherichia coli identified several potential 
division inhibitors, including ymfM, a gene encoded within the e14 prophage. The overall 
aim of this thesis was to understand the biological condition in which YmfM may be 
functioning, as well as how it may be acting to inhibit division.  
 
The initial aim of this thesis was to verify the genes from the original screen that are 
responsible for causing filamentation. From this the expression of ymfM was shown to 
cause a complete inhibition of cell division and became the primary focus of this work.  
 
The e14 prophage is thought to encode for an SOS inducible cell division inhibitor, SfiC. 
However the exact gene responsible for this is unknown. In this thesis, YmfM was 
identified to be SfiC and is up-regulated by the SOS response. The inhibition of cell 
division during SOS has traditionally been attributed to SulA, which inhibits FtsZ 




likely role of ymfM in inhibiting division during SOS, suggesting that alternative 
pathways exist during stress.   
 
Bioinformatics analysis identified the context in which ymfM functions; it is conserved to 
E. coli and closely related gram-negative bacteria. Further, it was shown to be likely that 
ymfM functions with two other genes within the e14 prophage, ymfL and oweE. Finally, 
the initial characterisation of the mechanism of action of YmfM indicates that it inhibits 
division at the level of FtsZ ring assembly (early stages of division) and is independent 
of known cell division inhibitors SulA, MinC and SlmA.   
 
While more work is needed to fully characterise YmfM, this work highlights that there 
are multiple pathways which may inhibit cell division during stress and raises the question 
of the beneficial role of prophage encoded inhibitors for bacterial survival. Having a 
greater understanding of filamentation will not only enable us to understand the 
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